In this paper, an analytic approximation for Volterra's model for population growth of a species in a closed system is presented. The nonlinear integrodifferential model includes an integral term that characterizes accumulated toxicity on the species in addition to the terms of the logistic equation. The decomposition algorithm are implemented independently to a related ODE. The Pade approximants, that often show superior performance over series approximations, are effectively used in the analysis to capture the essential behavior of the population u(t) of identical individuals.
INTRODUCTION
Volterra model for population growth of a species within a closed system define as (1.1) where a > 0 is the birth rate coefficient, b > 0 is the intraspecies competetion coefficient, c > 0 is a toxicity coefficient, p 0 is the initial population, and p = p(t) denotes the populationat time t. The term represents the effect of toxin accumulation on the species. Several time scales and population scales may be employed [7] . However, we shall scale time and population by introducing the nondimensional variables where k = c/ab is a nondimensional parameter. This paper outlines the reliable numerical stratege for solving the Volterra's model for population growth [7] of a species within a closed system. Volterra introduced this model for a population u(t) of identical individuals which exhibits crowding and sensitivity to the amount of toxins produced. The nonlinear model (1.2) includes the well-known terms of a logistic equation, and in addition it includes an integral term that characterizes the accumulated toxicity [7, 8, 10] produced since time zero. The reader is referred to [6, 7, 8] for detailed discussions of Volterra's model.
A considerable research work has been invested recently by Scudo [6], Small [7] , TeBeest [8] among others to the development of efficient strateges to determine numerical and analytic solutions of the population growth model (1.1). Although a closed form solution has been achieved by Small [7] and TeBeest [8] , but it was formally shown that the closed form solution cannot lead to an insight into the behavior of the population evolution. Analytical approximations and Pade approximants [2, 3, 4] for problem (1.2) is considered by Wazwaz [10] . As a result, a great deal of interest was directed towards the analysis of the population rapid rise along the logistic curve followed by its decay to zero in the long run. The nondimensional parameter k plays a role in the behavior of u(t) concerning the rapid rise to a certain amplitude followed by an exponential decay to extinction. It is important to point out that for small values of k, the population is not sensitive to toxins, whereas the population is strongly sensitive to toxins for large values of k.
In this paper, we propose a Laplace Decomposition Algorithm (LDA) [5, 9] for solving Volterra's population model. The proposed technique depends on calculating the first term u 0 (x, t) of the solution in the series of the form which ensures an accurate and computable convergent solution by the LDA.
The organization of the rest of this paper is as follows: In Section 2, we convert Volterra's population model (1.2) to an equivalent nonlinear ODE. In Section 3, we apply the LDA on some ordinary differential equations with given suitable initial conditions which arise fromproblems of calculus of variations. To present a clear overview of method, we select several examples with we adapt to converting problem in Section 4. An analysis and a conclusion is presented in Sections 5 and 6, respectively.
CONVERTING TO A NONLINEAR ODE
In this section, it will useful to convert the Volterra's population model (1.2) to an equivalent nonlinear ODE. The conversion to an ODE has received suprisingly little attention by other researches, but as will be seen later, its usefulness is clear and remarkable. In order to convert Eq. (1.1) to an ODE, we set 
DESCRIPTION AND APPLICATION OF THE LAPLACE TRANSFORM DECOMPOSITION ALGORITHM
In this section, the Laplace transform decomposition algorithm [5, 9] is applied to find the solution of the initial value problem Eqs (2.4) -(2.6). The method consists of applying the Laplace transformation (denoted throughout this paper by £) to both side of Eq. (2.4), i.e.
(3.1)
By using linearity of the Laplace transformation, the result is
Hence we obtain
The Laplace transform decomposition technique consists next of representing the solution as an infinite series, in particular (3.5)
where the terms y n are to be recursively calculated. Also the nonlinear terms (y ′ ) 2 and yy ′ are decomposed as:
where A n (t) and B n (t) are Adomian polynomials of y 0 , y 1 , y 2 , . . . y n and generated specifically according to algorithms previously published by [1] . In this case,the A n (t ) and B n (t ) s are given by (3.8) (3. 9) respectively. The first few polynomials for A n (t) and B n (t) are given by (3.10) 
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respectively. Substituting (3.5)-(3.7) to (3.4), leads to (3.12)
Matching both sides of (3.10), the following iterative algorithm is obtained:
(3.13) (3.14)
(3.15) (3.16)
Applying the inverse Laplace transform to (3.13) we obtain the value of components y 0 . Substituting this value of y 0 to (3.14) and evaluting the Laplace transform of the quantities on the right side of £[y 1 (t)], and then applying the inverse Laplace transform, we obtain the value y 1 . The other terms y 2 , y 3 , ... can be obtained recursively in a similar way by using (3.16). 
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NUMERICAL SOLUTION OF PROBLEM (1.2)
In this section, the Laplace transform decomposition algorithm will be implemented. According to (3.13), we have 
ANALYSIS
The results of the present work can be employed to examine more closely the mathematical structure of u(t). In particular, we seek to study the rapid growth along the logistic curve that will reach a peak, then followed by the slow exponential decay where u(t) → 0 as t → ∞. The mathematical behavior so defined was introduced by [6] and justifed by [7] by using singular perturbation methods for the inner and the outer solutions. Further, these properties were also confirmed by [8] upon using a phase-plane analysis.
Yet another way of studying the mathematical structure of u(t) is to define Pade approximants which have the adventage of manipulating the polynomial approximation into a rational function to gain more information about u(t). It is interest to note that Pade approximants give results with no greater error bounds than approximation by polynomials [2, 3, 4, 10] .
Using the approximation obtained for u(t) in Eq. (4.17), we find (5.1) Fig. 1 below shows the relation between the Pade approximants of u(t) and t for u(0) = 0.1 and k = 0.1, 0.3, 0.5 and 0.9. In addition, Fig. 1 formally shows the rapid rise along the lojistic curves folloved by the slow exponential decay after reaching the maximum point. The key finding of this graph is that when k increases, the value of u(t) decreases, whereas the exponential decay increases. obtained by [8] 6. CONCLUSION The Adomian method has been known to be a powerful device for solving many functional problems [1] . In the present paper, we have used the Laplace decomposition algorithm, which is a modification of the Adomian method. It is argued that this algorithm may solve the Volterra's population model with converting it to a nonlinear ODE . In this paper, we have obtained the approximation solution for initial value problem by applying the Pade approximant to series that resulted from using LDA. The LDA is thus to be considered an effective method in solving many problems, as it provides, in general a rapidly convergent series solution. It was observed that increasing the number of iterates will improve the accuracy of the solution. Laplace decomposition algorithm and pade approximants for population model
The Pade approximants, that often show superior performance over series approximations, provide a succesful tool and promising scheme for identical application. In this work, we used the well known software Maple 10 to calculate the series and the rational functions obtained from the proposed techniques. 
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